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PROCEDE DE PREPARATION D ' UN MATERIAU COMPOSITE IMPLANTABLE, 
MATERIAU OBTENU, IMPLANT COMPRENANT CE MATERIAU 
ET KIT DE MISE EN OEUVRE 



5 L' invention concerne un precede de 

preparation d'un materiau composite solide destine a etre 
implante dans un milieu biologique humain ou animal, 
notamment a titre de substitut osseux ou dentaire ; un 
materiau ainsi obtenu ; un implant comprenant un tel 
10 materiau et un kit de mise en oeuvre extemporanee de ce 
precede. 

Dans tout le texte de la presente demande, 
le terme •'implant" designe tout dispositif, appareil, 
mecanisme, piece ou ensemble de pieces, d'origine naturelle 
15 ou artif icielle, organique ou inorganique, a I'etat solide, 
biocompatible et implantable dans le corps humain ou 
animal, a 1' exclusion des compositions fluides, pateuses ou 
divisees . 

A titre d'exemples d* implants, on peut 
20 citer les protheses osseuses, dentaires ou maxillo- 
faciales, les inserts de comblement, d^obturation ou 
d' interface, . . . 

L' utilisation de ceramiques poreuses a 
pores interconnectes a titre de materiau solide implantable 

25 pour substitut osseux a deja ete decrite (voir par exemple 
EP-A-0 350 244 et "Osseointegration of macroporous calcium 
phosphate ceramics having a different chemical composition" 
Frayssinet et al . , Biomaterials 1993, Vol. 14, n^6, p 423 
429). En raison meme de leur macroporosite , les matrices 

30 solides poreuses biocompatibles implantables telles que les 
ceramiques, et plus particulierement les matrices a pores 
interconnectes, presentent I'avantage d'augmenter la 
surface d'echange avec le milieu biologique, d'etre 
bioresorbables, de faciliter la revascularisation des 

35 tissus et de posseder d* excellentes proprietes 
osteoconductrices- En outre, on peut deposer par 
precipitation des agents de croissance dans les pores. 

Neanmoins, ces ceramiques poreuses sont par 
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nature fragiles et friables et ne peuvent pas aisement etre 
mises en forme par le praticien lors de 1' operation. En 
outre, il n'est pas non plus possible de fixer des vis ou 
chevilles dans ces ceramiques. De ce fait, 1 ' utilisation 
5 pratique de ces ceramiques est aujourd'hui limitee aux 
rares cas ou il est certain, a l^avance, que le materiau 
n'aura pas a etre retaille et a juste extemporanement , ni a 
supporter des vis de fixation. 

En outre, les ceramiques poreuses 

10 presentent une faible resistance mecanique (2 a 4 MPa en 
compression), insuffisante dans de nombreuses applications, 
par exemple lorsqu'une remise en charge du site 
d * implantation avant cicatrisation est necessaire. 

Par ailleurs, on connait (par exemple EP-A- 

15 0 639 366) des ciments hydrauliques phosphocalciques 
biocompatibles implantables, c'est-a~dire des compositions 
fluides ou pateuses durcissables , permettant de realiser 
des montages prothetiques ou des comblements lors 
d 'operations chirurgicales orthopediques . Ces ciments sont 

20 facilement malleables par le praticien, mais ne peuvent pas 
etre utilises pour realiser des implants solides tels que 
des protheses osseuses dont la forme generale doit etre 
predefinie, qui doivent resister des 1 ' implantation a de 
fortes contraintes et/ou dans lesquels on doit visser des 

25 vis pour la fixation d'autres elements ou organes . Ainsi, 
ces ciments ne sont utilises que pour coller des implants 
ou organes entre eux, ou parfois comme materiau de 
comblement dans les sites non exposes a de fortes 
contraintes . 

30 Dans ce contexte, 1* invention vise a 

proposer un materiau composite et son procede de 
preparation, qui est destine a etre implante dans un milieu 
biologique (corps humain ou animal), qui presente les 
avantages des ceramiques poreuses a pores interconnectes 

35 (resorption rapide et complete, osteoconduction. . . ) i mais 
qui presente des proprietes mecaniques ameliorees. 

L' invention vise en particulier a proposer 
un materiau composite implantable apte a etre utilise dans 
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la composition d'un implant, et qui peut etre facilement 
mis en forme, taille, coupe, fraise..., notamment par le 
praticien lors de la pose de 1* implant. 

L' invention vise aussi a proposer un tel 
5 materiau apte a subir des contraintes des 1 * implantation . 

L' invention vise aussi a proposer un tel 
materiau dans lequel on peut inserer et fixer des chevilles 
ou des vis telles que des vis auto-f oreuses et qui procure 
un bon maintien de ces vis. 

10 L' invention vise aussi a proposer un 

materiau composite implantable resorbable par un milieu 
biologique, et dont la resistance en compression est 
equivalente a celle de l*os naturel, notamment superieure a 
10 MPa, plus particulierement de 1 ' ordre de 20 MPa. 

15 L' invention vise aussi a proposer un tel 

materiau composite dont la cinetique de resorption dans le 
milieu biologique peut etre connue et ajustee avant 
1 ' implantation . 

L' invention vise aussi a proposer un 
20 precede de preparation d'un tel materiau composite. 

L' invention vise egalement a proposer un 
implant prothetique osseux comprenant un materiau 
presentant les avantages sus-mentionnes . 

L' invention vise egalement a proposer un 
25 procede de fabrication de cet implant. 

L' invention vise plus particulierement a 
proposer un procede de preparation d'un materiau composite 
et un procede de fabrication d* implants, notamment de 
substituts osseux ou dentaires, particulierement simples, 
30 rapides et qui peuvent etre mis en oeuvre au moins 
partiellement par le praticien peu de temps avant 
1 'operation, voire meme pendant 1' operation. 

Pour ce faire, 1* invention concerne un 
procede de preparation d*un materiau composite destine a 
35 etre implante dans un milieu biologique humain ou animal, 
caracterise en ce que : 

. on choisit ou on prepare prealablement au 
moins un bloc d'une matrice solide poreuse biocompatible 
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comprenant ma joritairement au moins un sel de calcium 
choisi parmi les phosphates de calcium, les sulfates de 
calcium et les carbonates de calcium, 

. on prepare, independamment de la matrice 
5 solide, une solution liquide durcissable adaptee pour 
former, apres durcissement , une composition solide 
biocompatible durcie d'un ciment hydraulique comprenant 
ma joritairement au moins un sel de calcium choisi parmi les 
phosphates de calcium, les sulfates de calcium et les 
10 carbonates de calcium, et qui est adaptee pour etre 
entierement resorbable par le milieu dans lequel 1' implant 
doit etre implante, 

. on plonge le bloc de matrice dans la 
solution liquide, avant son durcissemen t , pendant une duree 
15 adaptee pour que celle-ci impregne et remplisse le volume 
poreux du bloc de matrice a coeur, 

. on fait ensuite secher et durcir la 
solution liquide en composition solide. 

Avantageusement et selon 1' invention, on 
met ensuite en forme chaque bloc de materiau composite 
ainsi obtenu. 

Avantageusement et selon 1* invention, on 
choisit ou on prepare au moins un bloc entierement poreux - 
notamment macroporeux- et de preference de porosite au 
25 moins sensiblement homogene dans tout le volume du bloc. 

L' invention concerne aussi un materiau 
composite obtenu par un precede selon 1' invention. Ainsi, 
1' invention concerne un materiau composite destine a etre 
implante dans un milieu biologique humain ou animal 
30 caracterise en ce qu*il comprend : 

a) une matrice solide poreuse biocompatible 
ayant une composition chimique comprenant ma joritairement 
au moins un sel de calcium choisi parmi les phosphates de 
calcium, les sulfates de calcium et les carbonates de 

35 calcium, 

b) une composition solide, compacte, non 
divisee, biocompatible d'un ciment hydraulique durci 
comprenant ma joritairement au moins un sel de calcium 
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choisi parmi les phosphates de calcium^ les sulfates de 
calcium et les carbonates de calcium, cette composition 
solide remplissant le volume poreux de la matrice et etant 
adaptee pour etre entierement resorbable dans ledit milieu. 
5 Avantageusement et selon 1' invention, la 

composition solide est choisie pour presenter elle-meme une 
resistance a la compression superieure a 10 MPa, notamment 
comprise entre 20 MPa et 50 MPa. 

Par ailleurs, avantageusement et selon 
10 1' invention, la composition solide est choisie pour 
presenter un modele d* Young compris entre 700 MPa et 
1000 MPa, 

Plus particulierement et selon 1' invention, 
la composition solide comprend ma jori tairement du phosphate 

15 dicalcique dihydrate CaHP04, 2H2O (DCPD). 

En outre, avantageusement et selon 
1' invention, la composition solide est du type obtenu par 
melange d'une poudre de phosphate tricalcique fl dans une 
solution d'acide orthophosphorique que I'on laisse durcir a 

20 temperature ambiante. 

Avantageusement et selon 1 ' invention, la 
matrice est egalement adaptee pour etre entierement 
resorbable dans ledit milieu, et la composition solide est 
adaptee pour presenter une cinetique de resorption dans 

25 ledit milieu plus rapide que celle de la matrice ; et la 
composition solide est adaptee pour etre resorbable dans 
ledit milieu en une duree inferieure a trois mois, 
notamment de 1 ' ordre de quelques semaines. 

Avantageusement et selon 1' invention, la 

30 matrice est une matrice minerale entierement poreuse, 
notamment une ceramique macroporeuse (c ' est-a-dire dont la 
porosite est superieure a sa porosite theorique et dont les 
pores ont une dimension moyenne comprise entre 50 jim et 
2000 vim), de preference a pores interconnectes . La 

35 dimension moyenne des pores est avantageusement comprise 
entre 200 jam et 500 jim. 

Avantageusement et selon 1* invention, la 
matrice presente une porosite au moins sensiblement 
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homogene dans tout son volume, qui peut etre comprise entre 
5 % et 85 %, notamment entre 50 % et 85 %. 

Avantageusement et selon 1' invention, la 
matrice est choisie pour presenter une resistance a la 
5 compression comprise entre 1 MPa et 6 MPa, et un module 
d* Young compris entre 10 MPa et 200 MPa. 

Ainsi, avantageusement et selon 

1* invention, la matrice comprend une proportion X en poids 
d'hydroxyapatite (HAP) Caio (P04)6 (0H)2. et une proportion 
10 Y en poids de phosphate tricalcique Ca.^ (^04)2 
Avantageusement et selon 1' invention, le materiau est 
caracterise en ce que X + Y = 100 %. Par exemple et selon 
1' invention, X est de I'ordre de 75 % et Y de I'ordre 
de 25 %. 

""^ Avantageusement et selon 1' invention, la 

matrice et/ou la composition solide (ciment) incorpore(nt ) 
au moins un agent bioactif. Grace a 1' invention, la 
cinetique de liberation in situ d'un tel agent bioactif 
peut etre controlee aisement puisqu'elle correspond au 
moins sensiblement a la cinetique de resorption de la 
matrice et/ou de la composition solide. Selon 1' invention, 
on peut done incorporer dans la matrice un agent bioactif 
dont la cinetique de liberation doit etre lente, par 
exemple prolongee sur plusieurs mois, et dans le ciment un 
agent bioactif dont la cinetique de liberation doit etre 
rapide, par exemple limitee a quelques semaines. 

L' invention concerne egalement un implant, 
et plus particulierement un substitut osseux ou dentaire 
solide, qui est caracterise en ce qu'il comprend un 
30 materiau selon 1' invention. 

Avantageusement, un implant selon 
1* invention est caracterise en ce qu'il comprend au moins 
une portion constitute d'un materiau selon 1 ' invention 
destinee a etre placee au contact d'un milieu biologique 
35 humain ou animal, notamment d'un tissu osseux. 

L' invention concerne aussi un kit de mise 
en oeuvre extemporanee d'un procede selon 1' invention, 
caracterise en ce qu'il comprend au moins un bloc d'une 
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matrice solide poreux biocompatible et une dose de chacun 
des constituants necessaires pour obtenir ladite solution 
liquide formant, apres durcissement , la composition solide 
biocompatible. Le kit selon 1' invention comprend par 
5 exemple un bloc de ceramique rnacroporeuse phosphocalcique , 
une dose de poudre de phosphate tricalcique 13 avec 2,5 % de 
pyrophosphate de sodium anhydre et une dose de solution 
d'acide orthophosphorique de concentration comprise entre 1 
et 5 mol/1, notamment entre 3,5 et 4,5 mol/1. Le rapport de 

10 la masse (en g) de poudre sur le volume (en ml) de la dose 
d'acide est compris entre 0,5 et 5, notamment entre 1 et 2 . 

L* invention concerne aussi un materiau, un 
implant, un procede, et un kit, comprenant en combinaison 
tout ou partie des caracteristiques mentionnees ci-dessus 

15 ou ci-apres. 

La description qui suit presente des 
exemples de preparation d'un materiau et d'un implant 
conformes a 1* invention. 

EXEMPLE 1 : 

20 1 ) On prepare dans un melangeur de 15 1, 

une barbotine comprenant 1625 g d * hydroxyapati te en poudre 
et 875 g de phosphate tricalcique 13 en poudre, 45 g de 
polyelectroiite synthetique sans alcalis (dispersant 
liquide), 30 g de polyoxyde d' ethylene en poudre (liant 

25 organique), et 1165 ml d'eau. 

On plonge des cylindres de 10 mm de 
diametre et 10 mm de hauteur d'une mousse de polyurethanne 
dans cette barbotine et on impregne chaque cylindre de 
mousse a coeur par malaxage jusqu'a obtenir un taux 

30 d' impregnation (rapport de la masse de barbotine sur la 
. masse de mousse) de 25, 

On place la mousse impregnee dans un four a 
une temperature de 1150 °C pendant 15 min. Apres 
refroidissement du four, on obtient une ceramique 

35 rnacroporeuse, les composants organiques s'etant evapores. 
Cette ceramique presente une porosite de 75 %. 11 est connu 
que cette ceramique est entierement resorbable en milieu 
biologique au bout d* environ 18 mois. 
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La resistance a la compression de la 
ceramique est mesuree en soumettant un cylindre de 10 mm de 
diametre et 10 mm de hauteur a un essai de compression. La 
resistance a la compression est de 1 MPa et le module 
5 d' Young est de 20 MPa, 

2) On prepare une poudre de phosphate 
tricalcique 6 (TCP) par reaction a 1150 °C pendant 180 min 
d'hydroxyapatite et de phosphate dicalcique dihydrate. 

On melange 2,954 g de TCP avec 0,046 g de 
10 pyrophosphate de sodium anhydre en poudre. 

On verse ces 3 g de poudre dans 2,3 ml de 
solution aqueuse dacide orthophosphorique 4 M et d'acide 
sulfurique 0,1 M. 

Apres 30 s a 1 min de reaction, on obtient 
15 un melange homogene de solution liquids durcissable. 

3) On immerge 4 cylindres de la ceramique 
macroporeuse prepares en 1 ) dans cette solution liquide 
durcissable pendant une duree de I'ordre de 20 s, jusqu'a 
ce que toutes les bulles d'air soient evacuees des pores. 

^° 4) On retire les cylindres impregnes de la 

solution et on les laisse secher a I'air libre. On constate 
un durcissement de la solution au bout d' environ 5 min en 
une composition solide, compacte, non divisee remplissant 
le volume poreux de la ceramique. 

Apres cinq jours (evaporation de I'eau), on 
realise des essais de compression. La resistance en 
compression obtenue est de 15 MPa et le module d' Young est 
de 400 MPa. 

5) On constate que les cylindres peuvent 
30 etre coupes a la scie en laissant un etat de surface 

parfait. 

On realise un avant-trou par pergage dans 
un cylindre et on introduit une vis d'osteosynthese dans 
cet avant-trou a 1 ' aide d'un tourne-vis. On constate que le 
35 materiau conserve sa cohesion et n'est pas deteriore, 
notamment autour de la vis qui est parfaitement maintenue 
en place, 

6) On utilise la solution durcissable 
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obtenue en 2 ) pour preparer des cylindres de 5 mm de 
diametre et 10 mm de hauteur que I'on implante dans les 
condyles d'une serie de 12 lapins. 

Les lapins ont ete sacrifies a 15 jours, 
5 6 semaines, 10 semaines et 16 semaines apres implantation 
et les sites d * implantation ont ete examines 
histologiquement . 

II a ete constate que dans les deux 
premieres semaines, une apposition de trabecules osseux se 
10 fait a la surface de 1' implant. Des grains de materiaux 
sont retrouves dans le tissu stomal present entre les 
trabecules ainsi que dans les trabecules neoformes. 

A six et neuf semaines, les cylindres sont 
fragmentes et des trabecules osseux ont penetre dans tout 
15 le volume des cylindres entourant les fragments. Ces 
fragments sont en contact du tissu osseux neoforme sans 
aucune interposition fibreuse. De tres nombreux fragments 
sont en voie d'etre totalement integres dans le tissu 
osseux. 

20 A treize semaines, le phenomene de 

fragmentation est accentue ainsi que celui d * integration 
osseuse. Plus de la moitie du volume de 1' implant a disparu 
a cette date. 

En conclusion, la composition solide 
25 impregnant des pores est entierement resorbable dans un 
milieu biologique et presente une cinetique de resorption 
plus rapide que la matrice. 

EXEMPLE 2 : 

1) On prepare dans un melangeur de 15 1, 
30 une barbotine comprenant 1625 g d ' hydroxyapati te en poudre 
et 875 g de phosphate tricalcique /3 en poudre, 45 g de 
polyelectrique synthetique sans alcalis (dispersant 
liquide), 30 g de polyoxyde d* ethylene en poudre (liant 
organique), et 1165 ml d'eau. 
35 On plonge des cylindres de 10 mm de 

diametre et 10 mm de hauteur d'une mousse de polyurethanne 
dans cette barbotine et on impregne chaque cylindre de 
mousse a coeur par malaxage jusqu'a obtenir un taux 
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d • impregnation ( rapport de la masse de barbotine sur la 
masse de mousse) de 30. 

On place la mousse impregnee dans un four a 
une temperature de 1150 °C pendant 15 min. Apres 
5 refroidissement du four, on obtient une ceramique 
macroporeuse, les composants organiques s'etant evapores . 
Cette ceramique presente une porosite de 68 %. 

La resistance a la compression de la 
ceramique est mesuree en soumettant un cylindre de 10 mm de 
10 diametre et 10 mm de hauteur a un essai de compression. La 
resistance a la compression est de 3 MPa et le module 
d' Young est de 80 MPa. 

On prepare ensuite, suivant les memes 
etapes 2) 3), et 4) que dans I'exemplc 1, un materiau 
15 composite selon 1* invention. Les memes essais et 
constatations que celles mentionnees en 4) et 5) dans 
I'exemple 1 sont faits, avec les memes resultats, avec le 
materiau composite obtenu dans cet exemple 2. Apres cinq 
jours (evaporation de I'eau), on realise des essais^ de 
20 compression. La resistance en compression obtenue est de 20 
MPa et le module d* Young est de 500 MPa. 
EXEMPLE 3 : 

On prepare un materiau composite selon 
1' invention comme a I'exemple 2, a partir d'une matrice 

25 macroporeuse de phosphate de calcium constituee de 75 % (en 
poids) d'hydroxhyapatite, et 25 % (en poids) de phosphate 
tricalcique 13. La porosite de cette matrice est de 70 % et 
la taille moyenne des pores mesuree est de 500 ^tm. Tous les 
pores sont interconnectes . Cette matrice est immergee dans 

30 une solution liquide durcissable de DCPD. 

Le materiau composite obtenu apres 
durcissement est forme de cylindres de 8 mm de diametre et 
15 mm de longueur que I'on implante dans des trous de 9 mm 
realises dans les condyles externes de 12 moutons. Sur 

35 chaque animal, on implante dans un condyle femoral un 
cylindre de materiau composite selon 1* invention, et sur 
1' autre condyle, un cylindre de meme dimension forme 
uniquement de la matrice de ceramique macroporeuse de 
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phosphate de calcium utilisee pour realiser le materiau 
composite selon 1' invention, c'est-a-dire, telle qu'elle se 
presente avant immersion dans la solution du liquide 
durcissable. 

5 Quatre moutons sont sacrifies 

successivement a 20 jours, 60 jours, 120 jours apres 
1* implantation, et les sites d * implantation sont examines 
histologiquement , 

Au bout de 20 jours, aucun des implants n'a 

10 ete osteointegre. Quelques trabecules de tissu osseux se 
forment dans le tissu entourant les implants. Ces 
trabecules proviennent generalement des bords de la cavite 
osseuse et s'etendent vers 1* implant. Les pores des 
implants formes de matrice seule sont envahis par du tissu 

15 fibreux, et des trabecules sont parfois trouves en contact 
avec la surface externe de la matrice ceramique. 

Concernant les cylindres de materiau 
composite selon 1' invention, des trabecules osseux sont 
souvent formes a la surface de 1 ' implant et certains sont 

20 inseres dans le ciment qui montre des marques de 
degradation dans ces zones. Quelques grains ayant une 
dimension de quelques micrometres ont ete elimines, ce qui 
forme des vides dans les pores cimentes dans lesquels une 
matrice extra-cellulaire s'est formee. Ces grains ont ete 

25 phagocytes par des macrophages mononuclees a la peripherie 
de 1 ' implant . 

A 60 jours, les implants de matrice seule 
sont partiellement integres, avec une croissance osseuse a 
la surface des pores externes. La par tie centrale de la 
30 matrice contient toujours du tissu fibreux dans lequel des 
cellules mononucleees contenant des particules de 
ceramiques sont visibles. 

Concernant les implants de materiau 
composition selon 1' invention, on constate une croissance 
35 progressive de tissu osseux dans les pores externes au sein 
desquels le ciment a ete lentement remplace par le tissu 
osseux. La plupart des cristallites de ciment situees a 
proximite de la surface sont revetues d'une substance 
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proteique. Ces cristallites ont ete phagocytees et 
degradees par des macrophages. De nombreux osteoblastes se 
distinguent a la surface des agregats mineraux. La 
localisation des osteoblastes a la surface semble demontrer 
5 un processus de dif f erenciation pref erentielle . Tous les 
fragments de ciment n'ont pas ete degrades par les 
macrophages. Certains sent incorpores dans la matrice 
osseuse qui a ete formee dans les pores. Une certaine 
degradation de la matrice ceramique est egalement 
10 constatee. 

A 120 jours, une croissance du tissu osseux 
dans la totalite des cylindres a ete constatee avec une 
degradation majeure. La totalite des pores des implants de 
materiau selon 1 ' invention ne comprennent plus de ciment, 

15 celui-ci se retrouvant dans les particules minerales dans 
des macrophages. Quelques ilots de macrophages sont 
presents dans la cavite de moelle osseuse du tissu osseux. 
Des ilots de macrophage ont phagocyte le tissu osseux, mais 
aucune resorption exageree d'os n'a pu etre constatee a 

20 proximite immediate des implants. 

Par centre, les implants de matrice 
ceramique seule sont totaleraent integres et presentent des 
signes de resorption. 

Les mesures histomorphometriques indiquent 
25 que la quantite d'os et le taux d ' ossification sont plus 
importants dans les implants de materiau composite selon 
1' invention que dans les implants formes de matrice 
ceramique poreuse seule. 

Ces essais demontrent que la formation d'un 
30 tissu osseux a la surface du materiau selon 1' invention est 
precedes d'un depot de matrice de proteines qui pourrait 
n'etre pas tou jours associe a une synthese par des cellules 
osteogeniques a proximite immediate. Cette matrice qui a 
penetre les micropores du materiau n'etait pas mineralisee 
35 et semblait etre un prealable a la formation osseuse par 
les osteoblastes. 

Le processus de formation osseuse est tres 
actif dans les zones de degradation du ciment. La presence 
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des macrophages qui avaient phagocyte les cristaux de 
phosphate de calcium n'a pas declenche 1' activation des 
osteoclastes comme le demontre 1' absence d'osteolyse du 
tissu osseux qui a envahi la ceramique. De plus, il semble 
5 que la formation d*os a ete accrue par la presence du 
ciment sans que 1 ' on puisse donner une explication claire a 
ce phenomene. Une explication possible serait que ce 
phenomene soit lie a la degradation du ciment de phosphate 
de calcium. La complexite de 1' activation des macrophages 
10 et le grand nombre de produits qui peuvent etre synthetises 
par ces cellules pourrait expliquer egalement partiellement 
ces resul tats . 

En conclusion, le materiau composite selon 
1' invention presente aussi bien des proprietes mecaniques 
15 que des proprietes biologiques ameiiorees. 
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REVENDICATIONS 
1/ - Precede de preparation d*un materiau 
composite destine a etre implante dans un milieu biologique 
humain ou animal, caracterise en ce que : 

. on choisit ou on prepare prealablement au 
moins un bloc d'une matrice solide poreuse biocompatible 
comprenant ma joritairement au moins un sel de calcium 
choisi parmi les phosphates de calcium, les sulfates de 
calcium et les carbonates de calcium, 

. on prepare, independamment de la matrice 
solide, une solution liquide durcissable adaptee pour 
former, apres durcissement, une composition solide 
biocompatible durcie d'un ciment hydraulique comprenant 
ma joritairement au moins un sel de calcium choisi parmi les 
15 phosphates de calcium, les sulfates de calcium et les 
carbonates de calcium, et qui est adaptee pour etre 
entierement resorbable par le milieu dans lequel 1 ' implant 
doit etre implante, 

. on plonge le bloc de matrice dans la 
20 solution liquide, avant son durcissement, pendant une duree 
adaptee pour que celle-ci impregne et remplisse le volume 
poreux du bloc de matrice a coeur, 

. on fait ensuite secher et durcir la 
solution liquide en composition solide. 
2^ 2/ - Precede selon la revendication 1, 

caracterise en ce qu*on met ensuite en forme chaque bloc de 
materiau composite ainsi obtenu. 

3/ - Materiau composite destine a etre 
implante dans un milieu biologique humain ou animal, 
susceptible d'etre obtenu par un procede selon I'une des 
revendications 1 et 2, caracterise en ce qu'il comprend : 

a) une matrice solide poreuse biocompatible 
ayant une composition chimique comprenant ma joritairement 
au moins un sel de calcium choisi parmi les phosphates de 
calcium, les sulfates de calcium et les carbonates de 
calcium, 

b) une composition solide, compacte, non 
divisee, biocompatible d'un ciment hydraulique durci 



30 



35 
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comprenant ma joritairement au moins un sel de calcium 
choisi parmi les phosphates de calcium, les sulfates de 
calcium et les carbonates de calcium, cette composition 
solide remplissant le volume poreux de la matrice et etant 
5 adaptee pour etre entierement resorbable dans ledit milieu. 

4/ - Materiau selon la revendication 3, 
caracterise en ce que la composition solide est choisie 
pour presenter une resistance a la compression superieure a 
10 MPa, notamment comprise entre 20 MPa et 50 MPa. 
10 5/ - Materiau selon I'une des 

revendications 3 et 4, caracterise en ce que la composition 
solide est choisie pour presenter un module d' Young compris 
entre 700 MPa et 1000 MPa. 

6/ - Materiau selon I'une des 

15 revendications 3 a 5, caracterise en ce que la composition 
solide comprend ma joritairement du phosphate dicalcique 
dihydrate CaHP04, 2H2O. 

7/ - Materiau selon I'une des 

revendications 3 a 6, caracterise en ce que la composition 
20 solide est du type obtenu par melange d'une poudre de 
phosphate tricalcique Q dans une solution d'acide 
orthophosphor ique . 

8/ - Materiau selon I'une des 

revendications 3 a 7, caracterise en ce que la matrice est 
25 adaptee pour etre entierement resorbable dans ledit milieu, 
et en ce que la composition solide est adaptee pour 
presenter une cinetique de resorption dans ledit milieu 
plus rapide que celle de la matrice. 

9/ - Materiau selon I'une des 

30 revendications 3 a 8, caracterise en ce que la composition 
solide est adaptee pour etre resorbable dans ledit milieu 
en une duree inferieure a trois mois. 

10/ - Materiau selon l*une des 

revendications 3 a 9, caracterise en ce que la matrice est 
35 une ceramique macroporeuse . 

11/ - Materiau selon la revendication 10, 
caracterise en ce que la matrice presente des pores 
interconnectes . 
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12/ - Materiau selon I'une des 

revendications 3 a 11, caracterise en ce que la matrice 
presente une porosite comprise entre 5 % et 85 %. 

13/ - Materiau selon I'une des 

5 revendications 3a 12, caracterise en ce que la matrice est 
choisie pour presenter une resistance a la. compression 
comprise entre 1 MPa et 6 MPa. 

14/ - Materiau selon 1 ' une des 

revendications 3 a 12, caracterise en ce que la matrice est 
10 choisie pour presenter un module d* Young compris entre 
10 MPa et 200 Mpa. 

15/ - Materiau selon I'une des 

revendications 1 a 14, caracterise en ce que la matrice 
comprend une proportion X en poids d ' hydroxyapati te CaiQ 
15 (P04)6 (OH) 2, et une proportion Y en poids de phosphate 
tricalcique Ca3 (P04)2. 

16/ - Materiau selon la revendication 15, 
caracterise en ce que : 

X + Y = 100 % 

17/ Materiau selon la revendication 16, 
caracterise en ce que X est de I'ordre de 75% et Y de 
I'ordre de 25%. 

18/ - Implant caracterise en ce qu'il 
comprend un materiau selon I'une des revendications 3 a 17. 

19/ - Implant caracterise en ce qu'il 
comprend au moins une portion en un materiau selon I'une 
des revendications 3 a 17, destinee a etre placee au 
contact d*un milieu biologique humain ou animal, notamment 
d*un tissu osseux. 

20/ - Kit de mise en oeuvre extemporanee 
d'un procede selon I'une des revendications 1 et 2, 
caracterise en ce qu'il comprend au moins un bloc d'une 
matrice solide poreuse biocompatible, et une dose de chacun 
des constituants necessaires pour obtenir la solution 
35 liquide formant la composition solide biocompatible. 
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(57) ABSTRACT 

A reflective polarzicr for visible light wavelengths formed of 
a plurality of polarizer units. Each polarizer unit having a 
transparent, inorganic substrate wiib first and second oppos- 
ing surfaces. The first surface is coated with a single layer of 
a dielectric material, and the second surface is coated with 
a layer of a highly reflective metal film or a dielectric 
material. The polarizer is configured to produce a "quasi- 
straight path." such that a light ray exiting the substrate is 
substantially parallel with a corresponding, incident light ray 
entering the substrate. The polarizer exhibits polarization 
over the entire visible spectrum. 

67 Claims, 8 Drawing Sheets 
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INORGANIC VISIBLE LIGHT REFLECTION Therefore, there continues to be a need for the develop- 

POLARIZER ment of durable and effective inorganic, visible light polar- 

izers. Accordingly, it is Ihe object of the present invention to 
This application claims the benefit of provisional appli- provide a simple and effective, visible light polarizer. 

SUMMARY OF THE INVENTION 



cation Ser. No. 60/080,096 filed Mar. 31, 1998. 



BACKGROUND OF THE INVENTION The present invention relates to the design and production 

TK« , * . ■ 1 , • of a polarizer unit, which exhibits effective polarization over 

n.r^.^Hrfr.n nn "^^T the entire visible spectrum. The polarizer unit includes a 

pa t^cula , to an morgamc visible light polarizer. transparent, inorganic substrate, hk^ glass, coated on a first 

In the liquid cr>'stal display (I.CD) industry, particularly surface with a single layer of dielectric material and asecond 

for projection color television applications, it is required to surface with a layer of cither a highly reflective metal film 

polarize the light of the projection light source prior to its or dielectric material. Preferably, the dielectric material 

impingement on the LCD panel that in turn blocks or exhibits a high reflectivity, which stems from the real part of 

transmits the light via selective polarization by sub-pixel the refractive index of the material. More preferably, the 

cells in the LCD panel. The transmitted light passes through refractive index of the dielectric material is appreciably 

the sub-pixcl color filters thus creating a projected color higher than that of the transparent substrate. Further, the 

image. Recently, there has developed a trend towards larger dielectric material has a low absorption, and its refractive 

screen sizes in the projection color television technology. index and absorption are relatively constant over the spec- 

This, m turn, has created a need for more intense light irum of visible wavelengths. Significamlv, the polarizer is 

sources to maintam sufficiently bright projected images on configured to produce a "quasi-straight path," .such that a 

these larger screens. The use of more intense light sources on light ray exiting the substrate is substantially parallel with a 

the other hand, places such a high energy load (thermal and corresponding incident light ray entering the substrate. In 

photonic), on the light polarizer that organic polarizers, other words, a light beam exiting the polarizer maintains the 

which are sometimes used in projection televisions, degrade .same, original direction as the corre.sponding incident light 

over time leading to degradation of image quality. In order beam entering the polarizer (See, FIG 4) 

to address this problem, pre-polarizers made of inorganic another aspect, the invention relates to a visible light 

malcnals have been placed between the light source and the polarizer including a transparent substrate having two oppo- 

mam (organic) polarizer, pie morganicpre-polarizer is able site planar coated surfaces and two opposite edges (an 
to wilh.stand the increased energy of the light source while 3^ entrance and exit edge), cut and poli.shed to be parallel to 

at the same tune reducing the load, which is placed on the each other, the plane of the entrance edge being cut and 

organic polarizer. polished to form an angle equivalent to the Brewster angle 

Various types of polarizers are known, including, relative to the plane of the surface of the substrate having a 

dichroic, wire grid, ani.sotropic crystal, as well as reflective film of dielectric material, the plane of the second edge 
and transmissive Brewster's angle polarizers. The difl:er- 35 being cut and polished to form an angle equivalent to the 
cnccs between these polarizers arc described in Brewster angle relative to the plane of surface of the 

Brewster's angle polarizer for broadband infrared substrate having a fullv reflective metal film, such that the 

application, APPLIED OPTICS, Vol. 37, No. 7, pp. distance between the planes of the two edges is a function of 

1194-1204 (Mar. 1, 1998). As described therein, Brewster the type dielectric material used, the thickness of the sub- 
angle polarizers rely on the different transmission and rcflcc- 40 stratc. 

tion a>efficienLs for s- and p-wave polarization at the inter- in a further aspect, the invention relates to a bi-directional 

face between two materials. The Brewster angle of a polar- polarizer characterized in that equal polarizer performance is 

izer IS the angle of maximum polarization with respect to the obtained regardless of the direction on light entry 

incideat radiation, and depends on the angle of incidence ,„ still another aspect, the invention relates 10 visi^ble light 

and the refractive index of the material. 45 polarizer designed to have a light path that has the incidf nt 

So-called Brewster-angle polarizers use transmissive sub- light enter the first edge and travel through the transparent 

strales with multiple coalings made of optically transparent substrate prior to striking the dielectric film on one surface 

dielectric materials that arc alternated with material of of the substrate. The inventive light path design pairs the 

different indiaes of refraction (e.g., alternate layers of index of refraction of the transparent substrate with the 

magnesium fluoride and zinc sulfide). In many of these 50 higher index of refraction of the dielectric film. Since the 

polarizers, light is incident on the dielectric coating and the refractive index of the transparent substrate is greater than 

Brewster angle is dependent on the refractive index of the the refractive index of air, this inventive pairing of the 

dieleclnc material. One illustrative example of a muhi- refractive index of the substrate and the refractive index of 

layered dieletric polarizer is described in U.S. Pat. No. the dielectric film results in superior polarization relative to 

4,515,441, which discloses applying to each of two surfaces 55 pairing of the index of refraction of air with the index of 

of a fused quartz substrate, three-layers of dieletric material. refraction of said first film 

The resulting dieletric polarizer operates at the Brewster The preferred optical polarizer of the present invention is 

angle of the dielectric layer. In addition to other problems, a miniaturized polarizer made by assembling several polar- 

a drawback of multi-layered dielectric polarizicrs is that ihcy izer units as described below, 
.suffer damage due to localized healing in the multiple layers 60 

caused by multiphoton absorption. For example, in U.S. Pat. ^^^^'^F DESCRIPTION OF TIIE DRAWINGS 
No. 4,553,822, a Brewster angle polarizer is described FIG. 1 is a graph showing the calculated P and S polar- 
which uses multiple layers of dielectric material sandwiched ization components reflected from an uncoated sheet of glass 
between two tran.spareni .substrates. Other types of inorganic over the full range of incident angles, 
polarizers for visible light, such as Glan-Thompson calcile 65 FIG. 2 is a graph showing the calculated P and S polar- 
prisms or broadband splitter cubes, have not found wide- ization components reflected from a film of polycrystalline 
spread application in the LCD industry. silicon 00 a glass substrate. 
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FIG. 3 is a graph showing the reflectance of the P and S 
polarization components in an inventive configuration of the 
silicon-coaled substrate of FIG. 2 in which incident light first 
passes through glass, is then reflected ofif the silicon film 
coating, and then travels through the glass and out into the 
air. 

FIG. 4 is a schematic drawing showing the light path 
described in FIG. 3. 

FIG. 5 is a schematic diagram showing a stack of coaled 
glass substrates assembled to form a miniaturized polarizer 
according lo the invention. 

FIG. 6 is graph of traasmittance versus wavelength for the 
P and S polarization components of the polarizer of FIG. 5. 

FIG. 7 is a graph showing the contrast ratio versus 
wavelength for the polarizer of FIG. 5. 

FIG. 8 is a graph showing the theoretical performance of 
an optimized polarizer according lo FIG. 5. 

DETAILED DESCRIPTION OF THE 
INVENTION 

One particularly useful method of producing a miniatur- 
ized polarizer according to the invention is by: 

a) preparing a plurality of substrates having two opposite 
planar surfaces; 

b) applying to one surface of the substrates a thin film or 
layer of dielectric material, and optionally, applying a 
layer of a light-absorbing material such as cart>on or 
graphite over the ihin film of dielectric material; 

c) applying lo the second surface of each substrate, a fllm 
of highly reflecting metal or a dielectric film; 

d) assembling the substrates in parallel with the graphite 
film of each substrate in contact with the metal film of 
an adjacent substrate to form a boule; and 

e) cutting the boule into individual polarizer devices. 
Any suitable transparent material may be used as the 

substrate. Particularly useful substrates are those character- 
ized by having low light absorption at desired wavelengths, 
appropriate indices of refraction so thai when paired with the 
indices of refraction of the dielectric material, yield opti- 
mum polarization performance. Examples of useful sub- 
strate materials include, fused silica, glass and glass- 
ceramics. Other desirable properties may be imparted to the 
polarizer by selecting as the substrate, materials having 
desired properties. For example, glasses which absorb light 
of selected wavelengths, such as UV absorbing glasses may 
be used as the substrate. Finally, the length, width and 
thickne.ss of the sub.strale will depend on the nature of the 
desired polarizer. 

Examples of useful dielectric materials for the polarizer 
include, polycrystalline silicon, amorphous silicon, galb'um 
phosphide, aluminum arsenide, aluminum phosphate, sili- 
con carbide, zinc selenide, zinc sulfide, zinc telluride and 
other similar materials, llic thickness of the dielectric layer 
will vary, depending on the refractive index and light 
absorption of the dielectric material. For any given dielectric 
material, the optimum thickness of the dieledric layer will 
vary and therefore, will be determined by experimentation. 
The optimum thickness is that thickness ouLsidc which 
throughput of the S polarization component decreases. 
Above the optimum thickness, optical absorption of the S 
polarization component increases, and below it optical 
reflection of the S polarization component decreases. For the 
polycrystalline silicon material used in the example, the 
optimum thickness was found lo be in the range of 26 lo 36 
nra. SimDarly, the thickness of the highly reflecting material 
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may vary depending on the material. The thickness must be 
such as lo cflcclively turn or redirect substantially all the 
hght which is refleaed from the first dielectric layer. 

Polycrystalline silicon is a particularly useful dielectric 
material for enhancing the polarization effect because of its 
high index of refraction relative to glass, its low absorption, 
and the fact that both its index of refraction and its absorp- 
tion are relatively constant over the visible wavelength 
spectrum. The combinations of high index of refraction and 
low absorption significantly enhance the separation of p- and 
s- polarization components. 

Any effective light-absorbing material can be applied over 
the surface of the dielectric film. Examples of useful light- 
absorbing materials include, carbon and graphite. ITic thick- 
ness of the light absorbing material will depend in part on 
the thickness of the dielectric material but should be suffi- 
cient to prevent or control light transmission through the 
dielectric layer. 

Any highly reflective metal can be applied to the opposite 
planar surface of the substrate. Useful examples include, 
silver and aluminum. 

In its most basic form, the inventive polarizer is con- 
structed by coating one of the surfaces of the substrate with 
a dielectric material. In a preferred embodiment, the second 
surface of the substrate is coated with a highly reflecting 
material such as a silver or aluminum. In another 
eralK>dimeni, the highly reflecting material is replaced with 
the same or a different dielectric material as that coaled on 
the first surface. In cither case, the dielectric material is 
30 selected so that when paired with the refractive index of the 
substrate, gives optimum polarizing performance. For 
example, we have found that for a substrate having a 
refractive index of about 1.5, optimal polarizing perfor- 
mance can be obtained dielectric material having refractive 
index in the range of 3.5 to 4.5. Tlie refractive index of 
polycrystalline silicon is about 4. 

The invention will now be described with reference to ihe 
drawings. 

It is known that light polarization can be obtained by 
directing non-polarized light at nonnormal incident angle 
onto a reflective surface such as that of a glass sheet. Even 
though the reflected light in such a system is neariy 100% 
plane polarized, the intensity of the light that is reflected is 
significantly less than that of the incident light. The reason 
for this is that there is an ab.*;ence of one plane of 
polarization — the P polarization component. In addition, in 
such a system, the S polarization component is not fully 
reflected and passes through the glass sheet along with the 
P polarization component. As a result, such a polarizer is not 
practical due to the excessive loss of the desired S polar- 
ization via transmission. 

Conversely, while the intensity of the light that is trans- 
mitted through the glass is much higher, it consists of both 
P and S polarization components with the S component 
being somewhat lower because a certain amount has been 
reflected. Thus, ihe transmitted light, although partly 
polarized, is not sufficiently polarized to give a high contrast 
ratio. FIG. 1 shows the calculated P and S polarization 
components reflected from an uncoatcd sheet of glass over 
the ftill range of incident angles. As indicated, at incident 
angles in the 50" region, the P polarization component 
appears not to be reflected. Specifically, at 56** the P polar- 
ization component disappears. 'Iliis is Ihc Brewster or polar- 
izing angle for the glass. 

It has been shown by otheis thai potentially useful non- 
normal incidence reflection and transmission polarizers can 
be obtained by "enhancing** the above phenomenon by 
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applying thin films of metals or dielectric niaierials to the 
surface of the transparent substrate to modify overall 
reflectivity, transmission and absorption. 

We have found that a single thin layer of polycr>'Stalline 
silicon film is a particularly useful dielectric material for the 5 
inventive polarizer. It enhances the polarization eflfecl 
bccaase of its high index of refraction relative to glass, it is 
reflective, and both its index of refraction and absorption are 
relatively constant over the visible wavelength spectrum. 
The combination of high index of refraction and low absorp- 
tion significantly enhances Ihe separation of P and S polar- 
ization components. TIG. 2 shows the calculated P and S 
polarization components reflected from a 36 nm thick poly- 
crystalline silicon film on a glass substrate. Compared lo 
FIG. 1, the reflection of the S polarization component has 
increased significantly over the entire range of iocident 
angles. The reflection of the P polarization component has 
also increased, however, there is a minimum increase in the 
79 degree region. ITi is also shows that the optimum polar- 
izing angle (relative to uncoaled glass) is shifted by Ihe 
addition of the silicon film. The degree of polarization at 79 
degrees would give a contrast ratio of about 5:1. 

Wc have found that the contrast ratio can be improved 
significantly by having the incident light pass through glass 
first, and then be reflected off a silicon film coating on Ihe 
back or rear surface of the glass substrate. FIG. 3 shows Ihe 
Is reflectance of the P and S polarization components in this 
invenlive configuration. Here, the P polarization component 
is less than 1% at the 70"* incident angle and the reflection 
of Ihe S polarization component has decreased only slightly. 
As shown, the optimum polarization angle has shifted back 
toward the polarizing angle for uncoated glass. With the very 
low level of reflection of the P polarization component at the 
optimum incident angle, a high polarization contrast ratio 
could be obtained along with an acceptable level of reflected 
S polarization component. 

In order lo exploit Ihe above phenomenon we designed a 
unique polarizer whose basic application is illustrated in 
FIG. 4. As used herein, a polarizer ""unit" consists of glass 
substrate that is coated on one surface with a thin polycrys- 
lalline silicon film and on the other surface with a fully 
reflecting metal film. Also, an additional film of light- 
absorbing material such as carbon or graphite may be coated 
over the silicon film. The thickness and the length of the 
substrate, along with Ihe '*bevel" of the entrance and exit 
edges arc chosen to form a parallelogram with acute angles 
of 70°. With reference to FIG. 4, we have demonstrated that 
this geometry accomplishes the following: 

a) light enters Ihe polarizer unit normal to the air-glass 
interface thus avoiding refraction and reflection; 

b) the light travels through the glass substrate before 
impinging on the silicon surface at the optimum Brew- 
ster polarizing angle of 70 degrees from normal; 

c) after reflection off the silicon surface, the light is turned 
or deflected by the silver surface; and 55 

d) finally, the light exits Ihe polarizer through the exit 
edge, normal to the glass-air interface thus avoiding 
refraction and reflection. 

'ITie length of the polarizer unit is sized to have only one 
reflection of the light beam off the silicon and silver sur- 60 
faces. Also, we have designed the polarizer to be 
bi-directional. By bi-directional we mean that equal polar* 
izcr performance is obtained regardless of the direction in 
which the light beam enters the substrate. That i.s, whelher 
the light impinges on the silicon surface first and is turned 65 
by the silver surface, or whether light beam first impinges 
the metal surface before striking and being turned by the 
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silicon surface. Tlie Brewster angle of a polarizer depends 
on the index of refraction and absorption of the dielectric 
material as well as that of the sub.sirate, and the thickness of 
the dielectric layer. 

We have discovered a unique method for making a 
miniaturized polarizer by combining several polarizer units 
as described above. The unique design and construction of 
the present miniaturized polarizer is best illustrated with 
reference to an iflustrative application which requires Ihe use 
10 of a prc-polarizcr having an aperture of about 40x40 mm. 
Gearly, the overall .size of a single glass substrate required 
to construct such a polarizer would have lo be impractically 
large due to the wide aperture and required light path of the 
substrate. Surprisingly, wc have found that the polarizer can 
be significantly miniaturized by reducing the thickness of 
the substrate and also by using a number of substrates 
stacked in parallel. Thus, by stacking forty (40) glass sub- 
strates each measuring 1 mm in ihickne&s, a polarizer with 
a 40 mm square aperture and on overall thickness of about 
5 ram can be produced. FIG. 5 and the example b;;low 
illustrate this unique design and construction. 

EXAMPLES 

In the following example, we illustrate one preferred 
method for producing a miniaturized polarizer device having 
a 40 mmx40 mm square entrance and exit aperture, and 
requiring, as an example, a 70 degree Brewster angle that is 
dependent on the dielectric material chosen. 

1) Forty substrates each measuring one millimeter thick 
by 40 mm wide by 100 mm long were prepared. 

2) The substrates were each coated as follows: the first 
.surface of each substrate was first coated with a thin layer 
(about 36 nm) polycrystalline silicon film, a highly reflect- 
ing silver film (about 100 nm) was coaled on the second 
surface of each substrate, and then a light- absorbing film 
(graphite) was coated over the .silicon film. 

3) All 40 substrates were slacked in parallel with the 
graphite film of each substrate inconlacl with the metal film 
of the adjacent substrate. 

4) The sub.sirate a.ssembly was bound together at each end 
of the long (100 mm) dimension, using wire or plastic "cable 
lies." 

5) The bound subsU-ale assembly was placed centrally in 
a mold having a square cavity measuring 50 mm square by 
100 nm deep, such that the substrate assembly rested on the 
40 mm by 40 mm dimension "end" of the assembly. 

6) The annular space between the interior mold walls and 
the substrate assembly was filled wilh an epoxy polymer and 
allowed to set to form a polarizer "boulc*'. 

7) Upon setting, the polarizer boulc was cut into indi- 
vidual polarizer devices by placing the boule with its long 
(100) dimension resting horizontally on a cutting table and 
also having the substrates standing on edge. The boule was 
then cut horizontally across its 40 mm dimension and at an 
angle of 70 degrees relative to the plane of Ihe long (100 
mm) axis of the boule using a diamond saw. We have found 
that using this process, and accounting for emitting and other 
losses, at least 12 polarizer devices, each measuring 5 mm 
in thickness and having an aperture of 40 by 40 mm can he 
obtained. 

What is claimed is: 

1. A reflective, optical polarizer comprising: a transparent, 
inorganic sub.sirate having a first .surface coated wilh a layer 
of dielectric material, aod a second surface coated with a 
layer of either a dielectric material or a highly reflective 
metal; the substrate being configured such that a S-polarized 
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light beam exiting the substrate maintains the same, original 
direction as a corresponding incident light beam entering the 
substrate; and said polarizer exhibits polarization over Ihe 
entire visible spectrum. 

2. The optical polarizer according to claim 1, further 5 
comprising a film of light absorbing material over one of 
said coated surfaces. 

3. The optical polarizer according to claim 1, wherein said 
substrate is fused silica, glass, or glass-ceramic material. 

4. The optical polarizer according to claim 1, wherein the 
same dielectric material coats said first and second surfaces. 

5. The optical polarizer according to claim 1, wherein said 
second surface is coated with a highly reflective metal film 
and a dielectric material 

6. llic optical polarizer according to claim 1, wherein said 
highly reflective material is silver or aluminum. 

7. The optical polarizer according to claim 1, wherein said 
dielectric material includes polycrystailine silicon, amor- 
phous silicon, gallium phosphide, aluminum arsenide, alu- 
minum phosphide, silicon cadiide, zinc selenide or zinc 
telluride. 20 

8. The optical polarizer according to claim 1, wherein said 
dielectric material is polycrystalline sihcon. 

9. The optical polarizer according to claim 1, wherein said 
dielectric material has a higher refractive index than that of 
the transparent sub.siratc. 25 

10. 'Vht optical polarizer according to claim 1, wherein 
said dielectric material has a low light absorption. 

11. The optical polarizer accx)rding to claim 1, wherein the 
refractive index and absorption of said dielectric material arc 
relatively constant over the spectrum of visible wavelengths. 30 

12. The optical polarizer according to claim 1, further 
comprising a first and second opposing edge, wherein rela- 
tive to the planes of the coated surfaces, each plane of said 
edges forms an angle equivalent to the Brewster angle. 

13. The optica] polarizer according to claim 1, wherein 35 
said transparent substrate has a refractive index which 
optimizes polarization performance when paired with the 
refractive indices of said dielectric material on either said 
first and secxmd coated surfaces. 

14. The optical polarizer according to claim 2, wherein 40 
said light absorbing material Ls carbon. 

15. The optical polarizer according to claim 2, wherein 
said Hght absorbing material is graphite. 

16. The optical polarizer according to claim 3, wherein 
said .substrate is an UV- absorbing glass. 45 

17. The optical polarizer according to claim 12, wherein 
said incident light beam first enters the substrate through 
said first opposing edge and travels through the substrate 
prior to striking either first or second coated surface. 

18. The optical polarizer according to claim 12, wherein 50 
said opposing edges arc substantially orthogonal to said 
incident light beam, and an alignment of said opposing 
edges do not cause refraction of said incident light beam at 
said opposing edges. 

19. The optical polarizer according to claim 12, wherein 55 
said opposing edges have a coating of anti-reflective mate- 
rial. 

20. The optical polarizer according to claim 17, wherein 
after striking cither first or second coated surface, said 
incident light beam reflects off the other coated .surface and 60 
exits from the polarizer through second opposing edge. 

21. The optical polarizer according to claim 20, wherein 
the polarizer exhibits equal polarizing performance regard- 
less from which of said first and .second opposing edges the 
incident light beam first enters the substrate. 65 

22. The optical polarizer according to claim 20, wherein 
the polarizer exhibits equal polarizing performance regard- 



less of which of said first and second coated surfaces the 
incident light beam strikes first. 

23. An optical polarizer of visible light, the polarizer 
including: a transparent substrate having opposing, first and 
second planar major surfaces and opposing, entrance and 
exit edges; said first surface having a layer of dielectric 
material and said second surface having either a layer of 
highly reflective metal film or a dielectric material; the 
substrate being configured such that a S-polarizcd light ray 
exiting the exit edge is substantially parallel with a corre- 
sponding incident light ray striking the entrance edge; and 
said polarizer exhibits polarization over the entire visible 
spectrum. 

24. The optical polarizier according to claim 23, further 
comprising a film of light absorbing material over one of 
said coaled surfaces. 

25. The optical polarizer according to claim 23, wherein 
said substrate is fused silica, glass, or gla.ss-ce ramie mate- 
rial. 

26. The optical polarizer according to claim 23, wherein 
said .substrate is an UV-absorbing glass. 

27. The optical polarizer according to claim 23, wherein 
the same dielectric material coals said first and second 
surfaces. 

28. The optical polarizer according to claim 23, wherein 
said second .surface is coated with a highly reflective metal 
film and a dielectric material. 

29. The optical polarizer according to claim 23, wherein 
said highly reflective material is silver or aluminum. 

30. The optical polarizer according to claim 23, wherein 
said dielectric material includes polycrystalline silicon, 
amorphous silicon, gallium phosphide, aluminum arsenide, 
aluminum phosphide, silicon carbide, zinc selenide or zinc 
telluride. 

31. 'ITic optical polarizer according to claim 23, wherein 
said dielectric material is polycrystalline silicon. 

32. The optical polarizer according to claim 23, wherein 
said dielectric material has a higher refractive index than 
that of the transparent substrate. 

33. The optical polarizer according to claim 23, in relative 
to the planes of the coated surfaces, each plane of said 
opposing edges forms an angle equivalent to the Brewster 
angle. 

34. An apparaias comprising the optical polarizer accord- 
ing to either claim 1 or 23. 

35. 'Ilic optical polarizer according to claim 24, wherein 
said light absorbing material is carbon. 

36. The optical polarizer according to claim 24, wherein 
said light absorbing material is graphite. 

37. An optical device comprising: 

an optical polarizing unit that exhibits polarization over 
the entire visible spectrum, said unit including: 
a transparent, inorganic substrate, configured such that 
a light beam exiting the substrate maintains the 
same, original direction as the corresponding inci- 
dent light beam entering the substrate, and having a 
first surface coated with a layer of dielectric material, 
and a second surface coated with a layer of either a 
dielectric material or a highly reflective metal film; 
and 

a film of light-absorbing material applied over at least 
one of said coated surfaces. 

38. ITic optical device according to claim 37, wherein a 
plurality of said optical polarizing units are assembled in 
parallel formation such that a first c»ated surface is in 
contact with a second coated surface of an adjacent polar- 
izing unit. 
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39. Tht optical device according to claim 37, wherein said 54. The method according to claim 53, further comprises: 
film or light absorbing material is applied over said second placing the bound polarizer units in a mold; encapsulating 
coated surface. ih^, bound polarizer units in a compound to form a polarizer 

40. The optical polarizer according to claims 37, wherein boule; and cutting the boulc to form individual polarizer 
said substrate is fused silica, glass, or glass-ceramic mate- 5 devices. 

"^i'l T-u • 1 , • t . ^- 55. The method according to claim 53, further comprising 

41. opucal po anzer accordmg to claim 37, where.n polishing to optical quality ihe cut surfaces of each polarizer 
said substrate is an UV-absorbing glass, device 

42. The optical polarizer according to claim 37, wherein cic tt, .u j j- » i • u • l 

#k« Ai^i^^tJ^ :„! - ^ -J c * J J 56. Jlie method according to claim 53, wherein the cut 

the same diclcclnc material coals said first and second lo ^ ^ . , ... 

surfaces surfaces comprising two opposing edges, wherein relative to 

43. The optical polarizer according to claim 37, wherein J'^'"^'' ''''^^^^ surfaces, a plane of said edges forms 
said second .surface is coated with a highly reflective metal ^" ^"^Ic equivalent to the Brewster angle. 

film and a dielectric material. method according to claim 53, wherein the 

44. The optical polarizer according to claim 37, wherein 15 f "capulating compound is selected from the group consist- 
said highly reflective material is silver or aluminum. ^"8 «f ^P^^^y polymer, sorel cement, and low melting point 

45. The optical polarizer according to claim 37, wherein mt\a] alloy. 

said dielectric material includes polycrystalline silicon, 58. The method according to claim 53, wherein a plurality 

amorphous silicon, gallium phosphide, aluminum arsenide, of said optical polarizing units are assembled in parallel 

aluminum phosphide, silicon carbide, zinc selenide or zinc 20 formation such thai a first coated surface is in contact with 

telluride. a second coated surface of an adjacent polarizing unit. 

46. The optical polarizer according to claim 37, wherein 59. The method according to claim 53, wherein said layer 
said dielectric material is polycrystalline silicon. of light absorbing material is applied over said second 

47. The optical polarizer according to claim 37, wherein coated surface. 

said dielectric material has a higher refractive index than 25 60. llic optical polarizer according to claim 53, wherein 

^^^^o""^^^^ transparent substrate. ^gid substrate is fused silica, glass, or glass-ceramic mate- 

4«. rhe optical polarizer according to claim 37, wherein j^^j 

relative to the planes of the coaled surfaces, each plane of ^1. The optical polarizer according to claim 53, wherein 

si^ ^nT''"^ ^ ""'"^^ ^^'^ an UV.absorbing glass. 

' '49' The optical polarizer according to claim 39. wherein T\''''l ?^^'''^''' '^''^''^'''^ ^.^^i^^ 53 wherein 

said light absorbing material is carbon. the same dielectric material coats aid first and second 

50. The optical polarizer according to claim 39, wherein ^""[f^^^ 

said light absorbing material is graphite. ^P^^^^^ polarizer according to claim 53, wherein 

51. The optical polarizer according to claim 45, wherein 35 ^^^^ surface is coated with a highly reflective metal 
said light absorbing material is carbon. ^^^^ ^ dielectric material. 

52. The optical polarizer according to claim 45, wherein optical polari/^r according to claim 53, wherein 
said light absorbing material is graphite. said highly reflective material is silver or aluminum. 

53. A method for fabricating a miniaturized polarizer ^5, The optical polarizer according to claim 53, wherein 
device, the method comprising: preparing a plurality of 40 said dielectric material includes polycrystalline silicon, 
polarizer units, each polarizer unit comprising a transparent, amorphous silicon, gallium phosphide, aluminum arsenide, 
inorganic substrate having opposing, first and second planar aluminum phosphide, silicon carbide, zinc selenide or zinc 
major surfaces; applying to the first surface a layer of telluride. 

dielectric material and the second surface a layer of cither a 66. The optical polarizer according to claim 53, wherein 

dielectric material or a highly reflective metal film; applying 45 said dielectric material is polycrystalline silicon. 

a light-absori)ing layer over at least one of said coated 67. The optical polarizer according to claim 53, wherein 

surfaces; assembling the polarizer units in parallel said dielectric material has a higher refractive index than 

formation, such that the first coated surface is in contact with that of the transparent substrate. 

the second coated surface of an adjacent polarizer unit; and 

binding the assembled polarizer units. * if * * ^ 



